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SECTION A (50 marks) 


Answer any TWO out of THREE questions in this section. 


QUESTION 1 (25 marks) 


a) Choose ONE type of programmable nuclease (ZFN’s, TALEN’s, CRISP-Cas). 
Describe, in detail, the structure of the chosen nuclease, and the advantages and 
limitations associated with its usage [15 marks] 


b) “Programmable nucleases are tools to instigate gene editing, but are not themselves 
responsible for altering genomic sequences”. Explain to what extent this statement is 
true, with reference to the cellular response to programmable nucleases [10 marks] 


QUESTION 2 (25 marks) 


Genetically modified animals are commonly utilised as models of human disease. Cystic 
fibrosis is a disease caused by mutations in the CFTR gene in humans. You wish to generate a 
line of genetically modified pigs that can be used as a disease model for cystic fibrosis. 


a) Describe, in detail, how you would go about creating this genetically modified 
organism (you can assume that the human CFTR gene has been sequenced) 
[20 marks] 


b) What disadvantages may be associated with using genetically modified animals as 
models of human disease [5 marks] 


QUESTION 3 (25 marks) 


a) Construct a table to compare and contrast the properties and characteristics of three 
different types of stem cell: adult, embryonic and induced pluripotent stem (iPS) cells 
[15 marks] 


b) Describe, in detail, the process of producing iPS cells in a laboratory [10 marks] 
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SECTION B (50 marks) 


Answer any TWO out of THREE questions in this section. 


QUESTION 4 (25 MARKS) 


The following is part of the entry for Enlist GM soybeans in the global Biosafety Clearing 
House. Study the information carefully and answer the questions below: 


Techniques used for modification: 


Cross breeding 


Genetic elements construct 


Polyubiquitin 10 Aryloxyalkanoate dioxygenase gene ORF23 3’untranslated 
promoter 1.32 kb 0.88 kb region 0.46 kb 
CsVMV promoter Phosphinothricin N-acetyltransferase ORF 1 3’untranslated region 
0.52 kb gene 0.55 kb 0.70 kb 
FMV 35S Elongation factor EF-1 alpha promoter, Chloroplast transit EPSP synthase 
enhancer 1.04 kb 5” leader and intron 0.02 kb peptide 0.23 kb gene 1.37 kb 
Rbs5-E9 gene 
terminator 0.64 kb 
a) How many genes have been inserted into this plant? Name each of proteins encoded. 
[2 marks] 
b) Choose 2 traits conferred by the construct above and explain in detail how the 
expression of the transgene results in the agronomic trait. [8 marks] 
c) Explain the agricultural importance of traits discussed in b) including discussion of 
the advantage of including both genes in the GM crop. [4 marks] 
d) Choose three additional sequence elements that do not encode any part of the final 
functional protein. Outline the function of each sequence element. [6 marks] 
e) The technique for modification is listed as cross breeding. Suggest why cross breeding 
was used. Briefly describe one method by which the DNA construct could have been 
inserted into the breeding partners. [5 marks] 
QUESTION 5 (25 MARKS) 


Write an essay on gene silencing in GM crop plants. In your answer explain exactly how 
gene silencing works using at least one specific example to illustrate your answer. Your 
example should include details of the gene construct; how this was transferred to the target 
plant; you should explain how the gene construct results in the novel trait. 
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QUESTION 6 (25 MARKS) 


Consumer acceptance is the major factor the limiting success of GM crops and GM food. 
Choose a specific GM crop or a food product that uses GM technology in its preparation; 
discuss the testing and approval process including the rationale for each test. You should then 
write a plain English explanation justifying the safety of the product for public consumption. 
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